. Number of kokanee released into the Clark Fork River (ECF= early spring release, LCF= summer release) and into Sullivan Springs (SS) along with their subsequent rate of return as adults. Parentheses indicate kokanee straying to collection sites other than where they were released. 
ABSTRACT
The purpose of this project was to Monitor Lake Pend Oreille's kokanee Oncorhynchus nerka kennerlyi population. Data will serve as a baseline for evaluating the benefits of a higher winter lake level beginning in 1996. We estimated the kokanee population in Lake Pend Oreille using a Hausertype midwater trawl during August 1995 and September 1996. Population estimates in 1995 were 4.55 million age-0 kokanee, 2.87 million age-1 kokanee, 1.52 million age-2 kokanee, 0.74 million age-3 kokanee, 0.15 million age-4 kokanee, and 42,000 age-5 kokanee.
Population estimates in 1996 were 5.42 million age-0 kokanee, 3.57 million age-1 kokanee, 3.17 million age-2 kokanee, 0.67 million age-3 kokanee, 0.44 million age-4 kokanee, and no age-5 kokanee. These were two of the highest total populations of kokanee since trawling began in 1977; largely due to high numbers of young kokanee. The densities of age-4 and 5 kokanee (which make up the bulk of the fishery), however, were the lowest on record in 1995 and average in 1996.
We also surveyed traditional shoreline and tributary spawning areas. Counts of kokanee spawning in tributaries during 1995 were relatively consistent with previous years (6,261 kokanee). Counts of spawners along the shorelines reached a new record low of only 74 kokanee; a 93 percent decline from 1994. During December 1996, both counts dropped to their lowest point on record. Only 49 fish were seen spawning along the shorelines, and only 819 fish were seen in tributary streams. These low counts may have been partially due to higher lake levels during the spawning seasons. Higher than normal lake levels made additional gravel available for kokanee spawning in many areas of the lake. Possibly this caused kokanee to spread along the shorelines and reduced the spawner counts.
Kokanee fry that had been fin clipped and stocked at the Cabinet Gorge Fish Hatchery Ladder in 1991 and 1992 returned at a rate of 0.27% and 0.14% once they matured. This return rate was much lower than the rate measured for kokanee released at Sullivan Springs. Different size groups of fry were stocked at Sullivan Springs in 1991 and 1992. The largest size group (60 mm total length) returned at the highest rate of 2.1% when they matured. Smaller fry (37 mm and 50 mm total length) returned at a rate of about 1.5%. 
INTRODUCTION
The decline of the kokanee Oncorhynchus nerka kennerlyi population in Lake Pend Oreille has been largely attributed to the current operation of Albeni Falls Dam (Maiolie and Elam 1993; Paragamian and Ellis 1994) . Historical population trends and harvest data indicated winter pool elevation affected kokanee abundance and harvest, and that winter drawdowns resulted in the loss of potential spawning areas. In an attempt to recover the kokanee population, the Idaho Department of Fish and Game proposed raising the minimum winter lake level to 626.3 m above mean sea level (amsl), approximately 1.2 m above the current level. Gravel surveys conducted in 1994 determined this would increase the amount of suitable kokanee spawning gravel by 560 percent (Fredericks et al. 1995) . This project was designed to monitor Lake Pend Oreille's kokanee population as baseline data for future comparisons. Also included in this report are the result of an experiment to stock kokanee fry at two locations and two sizes to determine the best release strategy.
OBJECTIVE
To return kokanee harvest to 750,000 fish annually with a mean length of 250 mm. This will be possible on the adult kokanee population reaches 3.75 million fish.
STUDY AREA
Lake Pend Oreille is located in the northern panhandle of Idaho (Figure 1 ). It is the state's largest lake and has a surface area of 38,300 ha, a mean depth of 164 m and a maximum depth of 351 m. Summer pool elevation of Lake Pend Oreille is 628.7 m amsl. Deep-water habitat used by kokanee is considered to be 22,546 ha (Figure 2 ). The Clark Fork River is the largest tributary to the lake. Outflow from the lake forms the Pend Oreille River. Lake Pend Oreille is a temperate, oligotrophic lake. Summer temperatures (May to October) average approximately 9 o C in the upper 45 m (Rieman 1977; Bowles et al. 1987 Bowles et al. , 1988 Bowles et al. , 1989 . Thermal stratification typically occurs from late June to September. Operation of Albeni Falls Dam on the Pend Oreille River keeps the lake level stable at 628.7 m amsl during summer (JulySeptember) then reduces lake level to 625.1 m amsl during fall and winter.
A wide diversity of fish species are present in Lake Pend Oreille. Kokanee entered the lake in the early 1930's from Flathead Lake, and were well established by the 1940's. Other game fish include: Gerrard rainbow trout Oncorhynchus mykiss, bull trout Salvelinus confluentus, westslope cutthroat trout Oncorhynchus clarki, lake whitefish Coregonus clupeaformis, and mountain whitefish Prosopium williamsoni, in addition to several other cool and warm water species. 
METHODS

Midwater Trawling
We conducted standardized midwater trawling in Lake Pend Oreille on August 22-29, 1995 and September 8-12, 1996 . These dates were during the dark phase of the moon, which optimized the trawl's capture efficiency (Bowler et al. 1979 ).
In 1995, the lake was divided into six sections or strata (Figure 2) , and a stratified systematic sampling scheme was used to estimate kokanee abundance and density. Six transects were systematically selected within each section and one haul was made along each transect. The same transects were used in kokanee population monitoring on Lake Pend Oreille since 1977 (Bowler et al. 1979; Bowles et al. 1988 Bowles et al. , 1989 Paragamian and Ellis 1994) . During 1996, sections 1 and 2, 3 and 4, and 5 and 6 were combined to stratify the lake into three sections. Twelve randomly selected locations were chosen within each section for trawling. We reduced the number of lake sections in 1996 to improve statistical precision. This change was based on consultations with a statistician and reanalyzing previously collected data. Rieman (1992) described the midwater trawl and sampling procedures in detail. The net was 13.7 m long with a 3 m x 3 m mouth. Mesh sizes (stretch measure) graduated from 32, 25, 19 and 13 mm in the body of the net to 6 mm in the cod end. The trawl net was towed at a speed of 1.5 m/s by a 8.5 m boat. We determined the vertical distribution of kokanee by using a Raytheon Model V850 depth sounder with a 20 o hull mounted transducer. A step-wise oblique tow was conducted along each transect which sampled the entire vertical distribution of kokanee.
Fish from each trawl sample were counted and measured. Approximately 10 individuals from each 10 mm length group were weighed, checked for maturity, and scales were removed for aging. We estimated the density (fish/m 3 ) of kokanee for each transect by dividing the number of fish caught by the amount of water that the net filtered. We then estimated the age-specific and total number of kokanee for each section, and lake total, using standard expansion formulas for stratified sampling designs (Scheaffer et al. 1979) . The area of each section was calculated for the 91.5 m contour; however, Section 6 (the northern end) was calculated from the 36.6 m contour because of shallower water. The 91.5 m contour was used because it represents the pelagic area of the lake where kokanee are found during late summer (Bowler 1978) . Ninety percent confidence intervals were calculated on the kokanee abundance estimates (Scheaffer et al. 1979) .
To estimate the egg-to-fry survival, the estimated number of fry in the lake was divided by the potential number of eggs spawned naturally in the lake the previous year, the wild potential egg deposition (wild PED). Wild PED was calculated by estimating the number of mature, female kokanee of age-3, 4, and 5 in the lake during trawl sampling and multiplying it by the mean fecundity of females seen at the Granite Creek spawning station. We then subtracted the number of eggs collected by hatchery personnel at both egg take stations to determine the number of eggs spawned by wild fish in the lake.
Spawner Counts
Spawning populations of kokanee were estimated in tributary and shoreline areas. Detailed descriptions of each survey area are provided in Appendix A. All areas surveyed have been documented as historical spawning sites (Jeppson 1960) . Areas were surveyed once a week for four straight weeks starting with the third week in November 1995. All kokanee, either alive or dead, were counted.
Tributary streams were surveyed by walking upstream from the mouth to the highest point utilized by kokanee. Trestle Creek, which supports a run of early spawning kokanee, was also surveyed in September for spawners.
Kokanee Abundance and Stock-Recruitment Curves
In 1994, a stock-recruitment model (Ricker 1958 ) was fitted to data on kokanee abundance in Lake Pend Oreille (Fredericks et al. 1995) . The model assumed a five-year life cycle for kokanee. Abundance of each kokanee age class was plotted as a function of the 'stock' age class five years earlier. The age-3 and age-4 year classes were combined into a single class since they were not differentiated prior to 1986. The Ricker equation R=(aP)e (-bP) was used where: R = # of recruits P = # of parental stock a = constant representing density independent mortality b = constant representing density dependent mortality
We added the population data points for 1995 and 1996 to these stock-recruitment curves that were developed in 1994. Our intent was to determine whether changes in natural mortality were occurring.
Hatchery Fry
Fin-clipped fry were released at Sullivan Springs and the Cabinet Gorge Hatchery fish ladder between 1988 and 1993 in order to evaluate the survival rate of different groups of fish. Adipose and ventral fin clips were used to separate two length groups of fry released at Sullivan Springs and to distinguish the fry released at the ladder of the Cabinet Gorge Fish Hatchery. The intent of the study was to determine the best size and location for releasing hatchery fish.
In 1991, 30,000 kokanee with an adipose fin clip (AD) were released at Sullivan Springs, which averaged 50 mm in total length. An additional 30,000 kokanee were released which had an adipose and right ventral fin clip (AD/RV). These fry had a mean total length of 37 mm. Hatchery workers also released 60,000 fry at the Cabinet Gorge Hatchery ladder during 1991 which had been marked with a left ventral fin clip (LV), and averaged 50 mm in total length.
During 1992, 30,000 adipose fin-clipped fry were released at Sullivan Springs, which averaged 60 mm in total length. For comparison, 30,000 smaller fry that averaged 30 mm in length were given a right ventral clip and released at the same location.
All marked fry were clipped at least one week prior to release. They were anesthetized in 0.04 g MS-222/L water prior to clipping.
RESULTS
Midwater Trawling Estimates
Population estimates of kokanee during 1995 and 1996 are presented in Table 1 . Also included in Table 1 are the 90% confidence interval (CI), density, mean weight, standing stock, mean length, and length range of each age group of fish. Total population in 1995 was 10 million kokanee and in 1996 this increased to 13 million kokanee. These relatively high numbers of kokanee were due to strong year classes of age-0 and age-1 fish in 1995, and age-0, age-1, and age-2 kokanee in 1996 (Table 2 ).
Survival rates of each age class ranged from 1.0% for eggs to fry, to 400% for age-1 kokanee to age-2 kokanee (Table 3 ). The erroneously high survival rate from age-1 to 2 stems from underestimating the abundance of age-1 in 1994.
Fry caught in the midwater trawl could not be separated into wild and hatchery fish since all of the hatchery fish were not marked. Survival from wild PED to fry (wild and hatchery) in 1995 was 1.85 % and reached 7.29% in 1996 (Table 4) .
Potential Egg Deposition
Based on trawling in 1995, we estimated that the lake contained 334,938 mature kokanee. The sex ratio was 1:1 (n=28) based on the necropsy of kokanee in the trawl catch. This ratio was consistent with past estimates. Therefore 167,469 mature females were in the lake. Fish culturists collected 30,800 female kokanee from the lake, which left 136,694 to spawn naturally in the lake and its tributaries. Mean fecundity of 444 eggs/female (n=65) was determined at the Sullivan Springs egg take stations by examining kokanee throughout the run. Potential egg deposition for 1995 was therefore 74.4 million, of which 60.7 million were spawned in the lake and tributaries (Table 1 ). An additional 12.8 million eggs were taken into the hatcheries and 0.9 million eggs were left in females unstripped.
In 1996, we estimated PED at 138.8 million eggs (Table 2) . Sex ratio from fish sampled by trawling was again 1:1. Mean fecundity was 353 eggs/female. All age-4 kokanee were found to be mature and 52% of the age-3 kokanee were mature. This gave a total of 393,200 mature females in the lake in 1996. Hatchery personnel spawned 13,199 females at the two spawning stations and collected 4.05 million eggs. This left 134.1 million eggs to be deposited naturally in and around the lake.
Spawner Counts
Counts of kokanee spawning along the shoreline in 1995 and 1996 were the lowest on record. Only 49 fish were counted in 1996 which was a 97% decline over the previous five year (Table 5 ). Bayview has consistently been the most productive shoreline spawning area with counts over 1,000 fish in all but three years. In 1995 and 1996 only 51 and 42 kokanee spawners were counted, respectively. Of the nine shoreline spawning areas we surveyed, only three had kokanee visible.
Tributary spawner counts were consistent with previous years in 1995 with 6,261 fish seen (Table 6 ). These counts dropped 87% in 1996 to 819 fish; the lowest number ever recorded.
Returns of Hatchery Kokanee
Of the 60,000 fin clipped fry released in 1991 at Sullivan Springs, 886 returned to spawn for an overall return rate of 1.48 percent ( Table 7 ). The larger size group (50 mm in total length) returned at a rate of 1.47% and the smaller group (37 mm) returned at a rate of 1.51%. It is doubtful there was a significant difference between these size groups. Statistical significance, however, could not be tested on this one year's data since there was only one test group and 0 degrees of freedom.
Markedly different results were gathered from the test that began in 1992 (Table 7) . The 60 mm test group returned at a rate of 2.067%, to date. Smaller fry (30 mm) returned at a rate of 0.44%. This test was not yet finished since some age-5 kokanee may return in 1997. However, to date nearly five times as many fish returned from the larger size group.
Of the fry stocked at the Cabinet Gorge fish ladder, only 0.267% of the 1991 fish, and only 0.136 % of the 1992 fish, have returned. The ratio of females to males has varied from 1:2 to 1:3 regardless of release site (Table 7) . Thus these hatchery stocks of kokanee appeared to have a different sex ratio than kokanee sampled by trawling.
DISCUSSION
Kokanee Abundance
Data within this report were meant to serve as a baseline for future comparisons. It will provide up-to-date information to compare to year classes of kokanee produced after the lake level changes during the winter of 1996-97.
Stock recruitment curves depict the state of the kokanee population (Figures 3 -7) . Based on these curves, the kokanee population in 1995 and 1996 was stable with most year classes at or above the abundance of the previous generation. The exception to this were the curves for age-1 and age-2 fish (Figures 5 and 6) . Abundance of age-1 kokanee in 1995 and age-1 and age-2 kokanee in 1996 were well above the predictions of the stock-recruitment model. These strong year classes of kokanee were produced in the two years, which had the highest PED on record; 218 million in 1993 and 246 million in 1994 (Table 2 ). The high number of eggs laid in 1993 became the record high number of wild fry seen in 1994; 5 million fry (Table 4) . This strong year class, therefore, was originated by wild fish and not hatchery releases. The strong 1993 year classes of kokanee will begin spawning in 1998 during the last year of the scheduled lake level Table 5 . Counts of kokanee spawning along the shorelines of Lake Pend Oreille, 1972 Oreille, -1996 . The numbers shown indicate the highest weekly count. experiment. During this experiment the winter lake levels will be held higher to provide additionspawning areas for kokanee. A strong year class in 1998 should help to fully utilize the newly available gravel.
These stock-recruitment curves illustrate a population that is limited by its habitat. The equilibrium point is at 1 million age-3 and age-4 kokanee (Figure 7) . Whenever strong year classes are produced which exceed the equilibrium points in Figures 3 to 7 , the next generation of fish has poorer survival, which lowers abundance back towards equilibrium. Earlier reports demonstrated that the limiting habitat factor was shoreline spawning gravels. High numbers of kokanee adults that spawn in limited amounts of habitat would superimpose their redds thereby dislodging each others eggs and reducing overall survival. For example in 1978, an exceptionally high number of adult kokanee produced 198 million eggs. However, instead of producing a good year class of offspring, they had only 1.0% survival to fry which grew up to an adult generation that produced only 34 million eggs (Figure 3 ). This ended any expansion of the population.
Potential Egg Deposition and Spawner Counts
Egg production in 1995 dropped to its lowest point since 1990 (Table 2) . A weak maturing year class and a 15 percent survival rate of the 1994 age-3 fish contributed to this decrease. High mortality between age-3 and 4 was a new development. In the past, survival rates were typically 80 -90% (Table 3) . One possible cause could be an increased percentage of hatchery kokanee in the population, which tend to mature, and die, at age-3. The survival rate from age-3 to age-4 returned to a more normal 59% in 1996. These mortality rates should be closely monitored in the future.
Counts of kokanee spawning along the shoreline in 1995 and 1996 showed a sharp decline (Table 5 ). Counts were more than an order of magnitude below the lowest count previously recorded. A possible explanation for this finding was that the raising of the lake level during the spawning season caused kokanee to move to new spawning areas around the lake which were not surveyed. These low spawner counts do not appear to reflect a low adult population. The adult population in 1996, as estimated by trawling, was near average and yet the spawner counts were very low.
Counts of kokanee spawning in tributary streams also dropped substantially in 1996 (Table 6 ). Lake Pend Oreille was held at an elevation of 626.4 m above msl during the winter of 1996-97 as the start of an experiment to test higher winter water levels. This possibly could have induced kokanee to spawn on the shorelines and not migrate up tributary streams. This trend should be monitored throughout the next two winters of this experiment.
Returns of Hatchery Kokanee
The return rate of fin-clipped kokanee that had been released into Sullivan Springs in 1991 was higher than any previous year (Table 7) . Both the smaller fry and the larger fry returned at nearly the same rate; 1.50 and 1.45%, respectively. This finding would tend to down play the importance of size, but the size difference between the two groups was small, only 13 mm. Our Age 1 recruits (millions) Figure 6 . Abundance of age-2 kokanee (recruits) as a function of age-2 kokanee 5 years earlier (stock). The data points for 1995 and 1996 are labeled for clarity. Figure 7 . Abundance of age-3 and 4 kokanee (recruits) as a function of age-3 and 4 kokanee 5 years earlier (stock). The data points for 1995 and 1996 are labeled for clarity.
recommendation would be to test kokanee survival with larger size differences between test groups.
Results from the stocking that began in 1992 show a different result. In this test, the larger 60 mm fry returned at a much higher rate (2.1%) than the 30 mm fry (0.4%), indicating that larger fry are better (Table 7) . These experiments are difficult to interpret since they contained no replication of test groups. However, they indicate that additional testing is warranted. Releasing larger fry means that the release date would need to be delayed until mid to late July. This adds an additional variable that needs to be tested before a large size at release can be recommended.
By multiplying the return rate of fin-clipped kokanee times the number of fry stocked, we estimated that 62,000 hatchery produced fish returned to Sullivan Springs in 1995. Thus 54% of the returning kokanee were hatchery fish and 46% were wild. This indicates that wild fish were a very large part of the run or that many fin clips regenerated so that these kokanee looked like wild fish. Until this is resolved, we stress the importance of continuing to release kokanee above the weir site for natural reproduction (10,000 kokanee are released above the weir to spawn naturally in an average year).
The return of kokanee to the Cabinet Gorge Hatchery ladder does not constitute a viable fish run at this time. Assuming a male to female sex ratio of 2:1 (a conservatively skewed ratio for the hatchery fish) and a fecundity of 444 eggs/female, we would need a return rate of 0.7% to just replace the parental generation. None of our releases at the fish ladder have come close to this return rate. The best we obtained was a return rate of 0.27% from the 1991 release group.
RECOMMENDATIONS
1.
We recommend continued monitoring of the kokanee population using midwater trawling, hydroacoustics, and spawner counts during the experimental changes in lake levels.
2.
All fry released from the hatchery should be marked to separate wild and hatchery stocks. This would greatly aid the monitoring of wild kokanee survival.
3.
Kokanee should continue to be passed above the egg collection site at Granite Creek since many of the returning kokanee appear to have come from natural spawning. The current guideline of 10,000 fish or one half of the run is appropriate.
